Abstract. Substantial quantities of solid and liquid wastes generate in the chrome tanning process, posing major environmental problem if not managed effectively. In order to minimize the emissions of chromium, a high exhaustion chromium tanning method was designed in this study. Low temperature plasma (LTP) technology has the characteristics of economy, pollution-free and high efficiency. The pioneering works were carried out by applying LTP to surface modification of natural leather before tanning process. The effects of different treatment time on micro-structure, chemical compositions, active groups, tanning absorption rate of leather fiber were studied. The SEM results showed that the leather surface was etched rougher. The XPS data showed that the O1s area ratios increased from 18.8 % to 27.6 % after O2 LTP treatment. The optimal O2 plasma treatment time is 10min. The results show O2 LTP treatment effectively improves the chrome tanning absorption rate from 78.68 % of conventional process to 94.47 % of the novel process, which reduces the emission of heavy metal chromium and protects the environment.
Introduction
Tanning process is very important for natural leather to gain good structural stability and humidity resistance. Chrome tanning dominated leather tanning process more than one hundred years, because it can attach good humidity resistance, softness and chemical stability to leather. However, chromium absorption rate in tanning process is just about 60 to 80 percent, which means nearly one third chrome tanning agent left in the waste water. It is not only a horrendous waste of resources, but also a big pollution to our environment [1] [2] .Therefore, to improve the absorption of chromium, reduce the use amount of chromium in order to reduce chrome pollution, is very important in the process of leather making.
LTP technology became a research focus because of corresponding with green and clean chemical technique principle [3] [4] . Thus it's a widely used approach to the surface modification of polymer, metal, textile materials recently [5] [6] [7] [8] . The modification on materials by LTP may result in the surface etching, forming cross-linked structure and introducing specific functional groups to change the surface characteristics of materials such as hydrophilic, adhesion, dyeing, and biological compatibility. Therefore, applying this technique to chemical engineering realm of leather-making will bring new methods to the traditional industry of leather making [9] . In the tanning process, the nature leather fiber treated by LTP may introduce active groups such as hydroxyl, carboxyl, amino etc., which can improve the cross-linking ability between inorganic metal chrome tanning agents and the fibers It could not only improve leather surface energy, but also enhance its cross-linking ability with inorganic metal tanning agents or organic tanning agents [9] . At present, the surface modification by LTP comes into a research focus, but researches on O2 LTP modification of nature leather are seldom reported yet. In this paper, the O2 LTP was employed to modify the surface of the nature leather fibers in order to improve the chrome tanning absorption rate. The effects of different plasma processing time on chrome tanning absorption rate, micro-structure, chemical compositions, active groups of leather fiber were studied.
Experiment Method

Preparation of Samples
The samples (10 cm × 15 cm) taken from pickled goat leather (lab made) were dipped into dehydrated alcohol and cleaned with ultrasonic washer for 5 min. Then the samples were taken into a vacuum drying oven and dried at 40℃.
Preparation of Samples Treated with LTP
The experimental procedures of LTP treatment were conducted by a plasma generator (DT-O2S, OPS Plasma Inc., China) are shown in Fig. 1 . The dried pickled goat leather was processed in LTP, generated by a plasma generator (40 kHz) at low gas pressure (1-100 Pa) in the vacuum chamber. O2 gas controlled by a flow meter was used to modify leather.
The samples were placed on the tray of LTP equipment. O2 plasma gas was introduced into the reaction chamber when the vacuum chamber was vacuum pumped to less than 20 Pa. Then process parameters were set out including pressure, discharge power ( 
Chrome Tanning Test
Samples untreated and treated with LTP were chrome tanned according to the routine chrome tanning process respectively to investigate the impact of LTP on the chrome tanning ability of leather. Chrome tanning process [9] is presented as follows: samples weighed were put in to 500 mL glass bottle, respectively. 200 % deionized water, 0.5 % formic acid, 1.0 % sulfuric acid and 7 % NaCl were added to each bottle. Then these bottles were fixed in an oscillator to oscillate for 2 hours. After that 6 % chrome tanning agent (TJ-T125, Sichuan TingJiang new material co., LTD, China) were added two times in 3 hours, and the bottles should keep oscillating. Adjusting the pH value of the solution to 3.8 with NaHCO3 (aq), and then heated it to 40 o C. After that, keep the temperature for 8 h. The tanned leather samples were prepared and dried in a vacuum oven for 24 h. In addition, the chromium content in the waste tanning solution was diluted and tested by ICP-AES.
Inductively Coupled Plasma-atomic Emission Spectrometry (ICP-AES)
The chromium content in the waste tanning solution were dilute into suitable concentration and tested by ICP-AES (IRIS ADV, Thermo Electron Corporation, American), thus the concentration of chrome (c) in the waste water can be obtained. The chrome mass (mw) in waste water can be calculated with the formula: mw=cV (V: the volume of waste water). Then chrome exhaustion (CE) can be calculated with the formula: CE=(ma-mw)/ma (ma: the mass of chrome added to the sample in the tanning process).
Scanning Electron Microscopy (SEM)
The morphology of the treated and untreated leather were obtained using a scanning electron microscope (JSM-5900LV, JEOL) to investigate the surface morphology of the LTP treated and untreated leather. The sample was coated with a thin gold layer prior to observation. The images were taken at magnification of ×1000.
X-ray Photoelectron Spectroscopy (XPS)
The leather samples were dried in a vacuum oven for XPS tests. The surface composition of C, N and O of the samples treated by LTP were characterized by XSAM800 (Kratos, England) using Mg Ka X-ray radiation. The operating pressure was about 1.1×10 -7 Pa and the power was 120w. Preliminary data analysis and quantification were performed using XPSPEAK 4.1 software. The binding energy (BE) of C1s (284.6eV) was selected for calibration. Figure 2 showed the surface morphology of the natural leather at different plasma treatment time. It can be found that the surface of untreated leather was relatively smooth compared with O2 plasma-treated leather (Fig. 2a) . The 10min plasma-treated leather surface is rougher and even appeared some tiny micro-pores (Fig. 2b) . The change took place because of the surface etching effect of plasma, which has already been discussed in many former researches [9] [10] [11] [12] . As shown in Fig. 2(c) , deeper ravines and filamentous fibers can be clearly observed inside the pore of 30min treated leather. The longer the leather is processed, the rougher the surface would be etched. It is believe that suitable time of plasma treatment can etch the external surface and generate some internal micro-pores. That change will be conducive to chrome entering and penetrating into the fibers, which would result in better chrome absorptivity. However, over-etching may lead to more molecular breaking-down and destroy more molecular cross-linking than generated. 
Results and Discussion
SEM Images of Untreated Leather and LTP Treated Leather
XPS Analysis
The contents of C, N, O on the untreated and O2 LTP treated leather before tanning were test by XPS. The XPS results of the untreated leather and O2 LTP treated leather were shown in Fig. 3 and table 1. It can be found that, compared with untreated leather, the C1s % value decreased from 68.85 % to 60.31 %, the O1s % value increased from 19.28 % to 28.26 %, and the N1s % value changed a little. Oxygen content increase means that more oxygen-containing groups are generated to the leather after LTP treatment. It is believed that there must be oxidation reaction which adds surface functionality and introduces more oxygen containing groups such as carboxyl, carbonyl and hydroxyl to the treated substrate. The C1s peak was fitted with four peaks, including C-C (284.6), C-O (286.1), C=O (287.6) and O-C=OH (288.6 eV) [13] as is shown in Fig. 4 . The relative functional groups ratios of different peaks are showed in Table 2 . The O2 LTP treated data showed small decrease in the concentration of C-C and C-O groups and obvious increase in the concentration of C=O and O-C=O groups compared with the untreated leather. It is believed that various oxidative reactions occurred during LTP treatment. The results indicate O2 LTP treatment makes the leather occur surface oxidization which introducing more oxygen-containing groups. In the chrome tanning process, trivalent chromium ions mainly combine with the carboxyl on the collagen side chains. As we can see from Table 2 , compared with the untreated leather, O-C=O group percentage of the LTP treated leather obviously increased from 3.95 % to 12.43%. Thus, more carboxyl group generated on the leather surface contributed to form more cross-linking structure between inorganic metal chrome tanning agents and the fiber, which caused a high chrome tanning absorption rate. 
The Effect of LTP Treatment on Chrome Exhaustion of Leather
It's seen from Fig. 5 that, with the O2 LTP treatment time increasing, the chrome exhaustion of leather increases sharply (from 0 to 10 min). However, the chrome exhaustion decreases gradually with further increase of treatment time (from 10 to 30 min).The optimal treatment time is 10 min, which reaches the maximum value of chrome exhaustion. Combined with the SEM and XPS results, we can further explain this trend. The XPS results indicate that oxygen-containing functional groups may be grafted onto the fibers due to the surface oxidation effect, which can form more cross-linking structure between the chromium and the fibers. Meanwhile the SEM results show that micro-pores and fissures generated by appropriate etching effect may contribute to chrome entering and penetrating into the fibers. Therefore, from 0 to 10 min, the surface oxidation effect and appropriate etching effect jointly promote the improvement of the chrome tanning exhaustion rate. However, over-etching may cause more active functional groups breaking down rather than grafting. Thus, with the LTP treatment time increasing (from 10 min to 30 min), the surface etching effect was becoming more and more serious, which resulted in the gradual decreasing of the chrome tanning exhaustion rate. 
Conclusions
O2 LTP surface modification on leather was conducted at different treatment time. The SEM results showed that O2 LTP treated leather were etched relatively rougher and even generated some micro-pores on the surface, which would be conducive to chrome entering and penetrating into the fibers. From the XPS results, the O1s concentration increased remarkably, which indicated that the surface oxidation effect introduced oxygen-containing groups, especially HO-C=O groups to the surface. The increased number of active groups could enhance their reactions and combinations between chromium ions and the leather fibers, thus can effectively increase the chrome absorption rate in the tanning process. The results showed that the optimal O2 plasma treatment time was 10min, at which the highest chrome tanning absorption rate of leather was 94.47 %. Conclusion can be drown from the above results that O2 LTP treatment under appropriate condition can graft oxygen-containing groups onto the surface of natural leather and bring about better chrome tanning ability of leather, which reduced the emission of heavy metal chromium and protected the environment. The LTP surface modification technology may be a new potential method for high-exhaustion chrome tanning technology and a clean leather production technology
